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@ A polymeric wet strength paper addithfe and a process for improvlff>g the wet strength of a fibrous cetlulosic 
sut»$trate. 



@ A polymer is described which has particular utility 
as an additive imparting wet and dry strength to a paper 
base. The polyn>er is formed by the reaction of a poly- 
mer of an N.N-dlsubstituted vinyl-benzyl amine or homo- 
logue thereof with an epihalohydrin. 
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TITLE MODIFIED 

WET STRENGTH PAPER ADDITIVES ^^^^^ P^9^ 

BACKGROUND OF THE INVENTION 
This invention relates to wet and dry strength 
additives for use with paper and particularly to additives 
5 derived from the condensation of an aromatic polymer having 
a plurality of pendant amine groups, with an epihalohydrin. 

As is well known, untreated paper, when wet, be- 
comes exceedingly soft and tends to fall apart as the fibers 
of the paper lose interfiber bonding. To combat this 
10 tendency it has been found expedient to add to the paper a 
polymer that will adhere to the fibers and bond them to- 
gether at the points where the fibers are in contact. The 
polymers help the paper to maintain its structure even when 
wet and are said therefore, to confer "wet strength". 
15 There are a number of polymers that have been 

employed for this purpose but probably the most successful 
have been those produced by the reaction of a polyamine 
v;lth an epihalohydrin. This invention falls into this 
category but represents an advance in the art In terms of 
20 its superior hydrolytic stability, high polymer yield, 

efficiency of usage of the relatively expensive epihalo- 
hydrin and amine monomer react ants and very fast cure to 
produce the strengthened paper. 

DISCUSSION OF THE PRIOR ART 
25 A number of patents have issued which describe 

generally the reaction of a polyamine with epihalohydrin 
to produce resinous wet strength additives. 

The polymers described in U.S. Patents 3,700,623; 
3,833,531 and 3,8MO,50^ are polymers or copolymers of di- 
30 allylamine which, when reacted with epihalohydrin, yield 
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-2- C-06-12-0535 
adequate wet strength resins. 

Canadian Patent 776,566 describes wet strength 
additives which are copolymers of epihalohydrin with the 
reaction product of iminobispropylamine and a dihaloalkane . 
Such additives however, tend to gel very readily, have a 
relatively poor shelf life and give modest wet strength 
properties . 

The polymeric additives of the present invention 
while formed by the reaction of tertiary amine groups with 
epihalohydrin molecules are quite distinct from the dis- 
closures contained in the prior art and represent a high 
yield route to the production of a highly efficient wet and 
dry strength additive- 

STATEMENT OF THE IITVENTION 

The present invention provides a polymeric addi- 
tive suitable for conferring wet strength on a cellulosic 
substrate wherein from 5 to 100% of the recurring units have 
the formula: 



_^CH2 - CH ^ 




^RN - 



© 

xe 



b 



Y is se 



lected from -CHo-CH-CH^ and -CHp-CH-CHpX, 

0 OH 



X is a 



radical derived from a water-soluble proton acid, R is a 

to alkylene group, and R2 ^^^^ substituted or 
unsubstituted C-^^ to alkyl groups or, taken with the 
nitrogen, together represent a saturated heterocyclic group, 
and b is an integer from 1 to 3- 

The polymeric additive of the invention is pre- 
ferably obtained by the reaction of a vinyl polymer wherein 
from 5 to 10055 of the recurring units have the formula; 
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- CH — I 



5 



R 



N 




with an eplhalohydrln at a pH of about 6.5 to 9-5 and a 
temperature of 0-80°C. and thereafter stabilizing the re- 
action product using a water soluble proton acid HX, 

As Indicated below the above vinyl polymer tertiary 

10 amine is usually generated by neutralization of a corresponding 
quaternary amine salt using an alkali. 

The invention further comprises a process for 
improving the wet strength of a fibrous cellulosic substrate 
which comprises treating the substrate with up to 75 and 

15 preferably from 10 to ^0 kilos of the polymeric additive of 
the invention for every metric ton of the substrate. 

The polymeric additive is obtained in the form of an 
aqueous solution and is stabilized in that state by addition 
of a water soluble proton acid that is an acid comprising an 

20 anion and at least one proton, such as for example, hydro- 
chloric acid, hydrobromic acid, sulphuric acid, nitric acid, 
phosphoric acid, formic acid or acetic acid. The amount of 
acid added Is preferably enough to adjust the pH to a value 
of 1 to 5 and in practice this requires from about 0.3 to 1.2 

25 equivalents of the acid per equivalent of eplhalohydrin in 
the polymeric additive. 



polymerization of a water-soluble salt of the monomer in the 
presence of any desired c(^onomer, in aqueous solution using 
30 a suitable free radical initiator such as ammonium persulfate, 
t-butyl hydroperoxide or di-t-butyl peroxide at a temperature 
of from about 50 to 150^C. and a pH of 5*0 or lower. 



CcUi be polymerized or copolymerlzed under similar conditions 
35 and the resultant polymer may then be reacted with an excess 



The vinyl polymer itself Is usually prepared by 



Alternatively, a vinyl benzyl alkyl halide monomer 
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of the appropriate amine. This is a less preferred method 
since it can lead to undesirable cross-linking. 

This vinyl polymer may uhen be reacted directly 
with the epihalohydrin without being first isolated or 

5 purified though it is sometimes preferred to generate the 
pure vinyl polymer by separating it from the salt forming 
protons and conjugate anions. This separation is often 
desirable when the acid salt is derived from a hydrohalic 
acid since the halide ion competes with the amine in the 

10 reaction with epihalohydrin. This competition produces 
undesirable by-products and reduces the efficiency with 
which the epihalohydrin is used. It is found however, 
that when a non-hydrohalic acid having a pKa less than 3, 
(such as sulfuric acid) is used such side reactions are 

15 minimized. 

The vinyl monomer used In the present invention 
is preferably one in which R is a methylene group and R-j^ 
and are each either methyl or ethyl groups. The group R 
can however, be an ethylene or a propylene group and R^ and 
20 R2 can separately be methyl, ethyl, propyl, butyl, 2- 

hydroxyethyl, 3-cyanbpropyl , chloromethyl, or 2-bromo-ethyl , 
for example, or taken together can form with the nitrogen 
atom a saturated cyclic structure such as a morpholine or a 
piperidine ring. 

25 The aromatic ring of the vinyl polymer can be sub- 

stituted with up to three of the tertiary amine groups but 
in practice, unless the substituent groups on the nitrogen 
atoms are made small, steric factors make it difficult to 
position three such groups around the ring. In preferred 

30 polymeric additives the aromatic radical bears a single 
tertiary amine radical. 

The vinyl monomer is preferably prepared by the 
reaction of an aromatic vinyl alkyl halide with a suitable 
amine. The number of alkyl substituents and the nature of 

35 the amine structure and its functionality will, of course, 
depend on the desired vinyl monomer to be produced. 

A hoinopolymer of the vinyl monomer is very fre- 
quently preferred but it is understood that up to 95% of 
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the vinyl monomer units can be replaced by copolyrnerizable 
monomers such as styrene, acrylic acid, acrylates and meth- 
acrylates, acrylamide, acrylonltrile, vinyl acetate, vinyl 
ethers, vinyl ketones, vinyl sulfonamide, N-methyl diallylamine , 
5 aminoalkyl acrylates and the like. 

Additionally, the comonomer can be based on the same 
polyvinyl benzyl moiety, but bearing, in place of the tertiary 
amine radical, a quaternized amine using a methosulfate, alkyl 
halide or 2-hydroxyl-alkyl radical for example, or a sulfonium 
10 or a phosphonlum radical salt. 

The polymer is a wet strength additive and this im- 
plies that it can be adhered to a substrate and develop effective 
crosslinks on curing. Any comonomer therefore should be selected 
so as not to frustrate these ends. 
25 In preparing the homopolyraers, copolymers and inter- 

polymers for use in this invention, reaction can be initiated 
by a redox catalytic system. In a redox system, the catalyst 
is "activated" or "triggered" by means of a reducing agent 
which promotes free radical formation without the use of heat. 
20 Reducing agents commonly u^sed are sodium metablsulf it e and 

potassium metabisulf it e . Other reducing agents include water- 
soluble thiosulfates and bisulfites, hydrosulf ites and reducing 
salts such as the sulfate of a metal which is capable of 
existing in more than one valence state such as cobalt, iron, 
25 manganese and copper. A specified example of such a- sulfate 
is ferrous sulfate. The use of a redox initiator system has 
several advantages, the most Important of which is efficient 
polymerization at lower temperatures. Conventional peroxide 
catalysts such as tertiary butyl hydroperoxide, potassium 
30 persulfate, hydrogen peroxide, and ammonium persulfate used in 
conjunction with the above reducing agents or metal activators, 

can be employed. 

The eplhalohydrin which is reacted with the polyamine 
can be any eplhalohydrin, i.e., eplhalohydrin, epibromo- 
35 hydrin, epif luorohydrin, or epidohydrin and is preferably 
epichlorohydrin. In general, the eplhalohydrin is 
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used in an amount ranging from about 0,5 mole to about I.3 
moles and preferably about 0,8 mole to about 1.2 moles per 
mole of secondary plus tertiary amine present in the poly- 
mer; secondary amine functionalities are generally only 

5 present at impurity levels or as comonomers with the vinyl 
benzyl dialkyl amine. 

The resinous reaction products of the invention 
can be prepared by reacting the vinyl polymer based poly- 
amine with an epihalohydrin at a temperature of from about 

10 O^C, to about 80*^C. and preferably from about lO^C. to 

about 60*='C. until the viscosity measured on a solution con- 
taining 20? to 30% solids at 25°C. has reached a range of 
A to E and preferably about C to D on the Gardner-Holt scale. 
The reaction is preferably carried out in aqueous solution 

15 to moderate the reaction, and at a pH of from about 7 to 

about 9.5. When the desired viscosity is reached, sufficient 
water is added to adjust the solids content of the resin 
solution to about 20 to 25% or less and the product cooled 
to room temperature (about 25°C.). The resin solution can 

20 be used as such or, if desired, can be adjusted to a pH of at 
least about 5 and preferably to a pH of below about 4-5* Any 
suitable acid such as hydrochloric, sulfuric, nitric, formic, 
phosphoric and acetic acid can be used to adjust the pH. 

The aqueous resin solutions can be applied to paper 

25 or other felted cellulosic products by tub application or by 
spraying, if desired. Thus, for example, prefonned and 
partially or completely dried paper can be impregnated by 
immersion in, or spraying with, an aqueous solution of the 
resin, following which the paper can be heated for about 0.5 

30 minutes to 30 minutes at temperatures of 90**C, to 100 ^C, or 
higher to dry same and cure the resin to a water-insoluble 
condition • The resulting paper has greatly increased wet 
and dry strength, and therefore this method is well suited 
for the impregnation of paper such as wrapping paper, 

;5 paper bagging and the like, to impart both wet and dry 
strength characteristics thereto , 
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The preferred method of incorporating these resins 
in paper, however, is by Internal addition prior to sheet 
formation, whereby advantage is taken of the substantivity 
of the resins for hydrated cellulosic fibers* In practicing 

5 this method, an aqueous solution of the resin in its un- 
cured and hydrophilic state is added to an aqueous suspen- 
sion of paper stock in the beater, stock chest, Jordan 
engine, fan pump, head box or at any other suitable point 
ahead of sheet foraatlon. The sheet is then formed and 

10 dried in the usual manner. 

The "off-the-machine'* wet strength obtained with 
the resins of the invention will be satisfactory for most 
applications. Additional wet strength can be obtained by 
subjecting the paper to a heat treatment. Satisfactory 

15 temperatures will be of the order of from about 90^C. to 
about 130^ C. for a period of time from about 0.5 to 60 
minutes, time varying Inversely with temperature. Further 
Improvement of the resin efficiency, can be obtained by re- 
activation of the aqueous acid stabilized resin solution 

20 using sodium or potassium hydroxide whereby halohydrin 

groups are dehydrohalogenated to produce epoxy groups which 
can undergo further cross-linking. 

While the reaction products herein described impart 
substantial wet strength to paper they also improve the dry 

25 strength of paper by as much as 30? or more when present in 
relatively small amounts, i.e., about 2 or more, based on 
the dry weight of the paper. Generally, it will be desirable 
to use from about 1-^% by weight, based on the dry weight of 
the paper. However, amounts up to 7.5% or more by weight, 

30 based on the dry weight of the paper, can be used if desired. 

The following Examples Illustrate the invention. 
All percentages are by weight unless otherwise indicated* 

EXAMPLE 1 

This Example illustrates the method used to obtain 
35 the vinyl polymer hydrochloride salt. 

An Ar-vinylbenzyl chloride monomer with a 60:^0 
ratio of metarpara isomers was reacted with an excess of ^0% 
aqueous dimethylamine initially at 0-5^C. then, following 
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a gradual warmup, at room temperature to give ^ 93,1% yield 
of distilled vinyl benzyl dimet hylamine (VBDA). Assay of 
the product by meq/g titrimetric analysis showed 96.62 
purity. 

5 An equivalent of hydrochloric acid was added cold 

to convert the amine monomer to the hydrochloride salt 
(VBDA.HCl). 

The VBDA.HCl was then charged, as a. 30? solution, 
together with 5.0 g. of ammonium persulfate per equivalent 
10 of the monomer into a reaction vessel and the reaction 

mixture was first sparged and then blanketed with nitrogen. 
The reaction temperature was raised and maintained at 75^C. 
and polymerization was allowed to proceed for 4 hours. 
During the reaction the pH fell from an initial 5.0 to 1.33. 
15 A 305 solution of the resultant polymer had a Gardner vis- 
cosity of I and the monomer to polymer conversion, calculated 
graviraetrlcally after double precipitation from acetone to 
remove monomer salt and initiator residue, was found to be 
100% or essentially quantitative. 
20 EXAMPLE 2 

This Example describes the production of the vinyl 
polymer sulfate salt. 

A solution of 96.7^ g of VBDA monomer (0.6 mole) 
in 171.8 g of water was treated with 83.6 g. of dilute sul- 
25 furic acid (96? acid and water in 1:2 volume ratio giving 
approximately 0.6 equivalents of hydrogen ion). 

An initiator solution comprising 0.9 g of ammonium 
persulfate in 13.8 g of deionized water was prepared. This 
solution plus all of the VBDA. salt monomer solution were added 
30 through separate addition funnels, over a period of 2 hours, 
to a four-necked reaction vessel containing a solution of 
0.9 g of ammonium persulfate and 25-0 g of 99% AR isopropyl 
alcohol, (chain transfer agent), in 25.0 g of deionized 
water. The reaction mixture was maintained at 75®C. with 
35 stirring under a blanket of nitrogen. After completion of 
the addition the reaction vessel was maintained at 75°C. 
with stirring: for an additional hour before beinp: allowed to 
cool . 
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The Gardner viscosity of the resin solution was G 

at a total solids of 30,6^2. The pH at 25^C. was 2.68. 

The mcnomer/polymer conversion, measured as in - 

Example 1 was 101? of theory. 
5 EXAMPLES 3-12 

The following Examples illustrate the production 

of wet strength resins by the reaction of the vinyl polymers 

of Examples 1 and 2 and eplchlorohydrln (EPI) In various 

ratios . 

In each Example the reaction between the vinyl 
polymer salt and the EPI was preceded by neutralization of 
the salt with sufficient 2.0% aqueous sodium hydroxide to 
give an initial pH of about 7.5. 

The essential reaction parameters and conditions 
15 are set forth in Table 1 below • 
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^ (Epi conversion Z/100)(E/A). 

@ (% DCP at % T,S. found/100) (polymer prep, wt . , g) (0.7173) = 
wt. of unconverted epi. 

[Epi charged - unconverted Epi/Epi chargedl (100) = Epi conv.%. 
5 EXAMPLES 13-23 

These Examples show the cured and uncured wet 
tensile strengths of papers treated with the additives pre- 
pared as described in Examples 3-12. 

In each Example a pulp slurry of a 50/50 blend of 
10 bleached hardwood and bleached softwood Kraft fibers with a 
pH of 7.0 and a Canadian Standard Freeness of 452 was pre- 
pared. To measured aliquot samples of this slurry were 
added, with stirring, measured amounts of one of the polymers 
produced in Examples 3 to 12. Prior to addition to the pulp 
15 slurry the polymers were activated by the addition, over a 

period of 15 seconds, of 7-0 meq of 25% aqueous sodium hydr- 
oxide per gram of resin solids. The mixture was stirred 
throughout the addition and. was then allowed to stand at room 
temperature for one minute before being diluted to 1.2% 
concentration by addition of more deionized water. 

Enough of the polymer was added to correspond to 
application levels of 11.15, 22.3 and 33*^5 kilos per metric 
ton, i.e. 1.115%, 2.23% and 3.3^5% of dry paper weight respectively. 
The treated fibers were formed Into a wet laid 
25 web with a press consistency of 35.2% and dried for 2 minutes 
at 95^*0. The resulting 2.5 g X 20.3 X 20.3 mm sheets were 
cut into 2.5 cm X 20.3 cm strips and tested for tensile 
strength in an Instron Tensile Tester. Half of each group 
of samples was tested after being cured for 15 minutes at 
30 90^C., and then wetted for 10 minutes. The other half 
omitted the curing process . 

The results are set forth in Table II below. The 
"comparative" run shows the wet tensile strength of a. similar 
paper strip without any wet strength additive added. 



20 
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TABLE II 

WET TENSILE STRENGTH DATA 

Polymeric Wet Tensile Strength, g/cm (Instron) 

Additive 11-15 kilos/ 22.3 kilos/ 3T "^5 kilos/ • 
from metric ton metric ton metric ton 

5 Example Example Uncured Cured' Uncured Cured Uncured Cured 
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484 
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654 


559 
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502 


493 


593 


527 


618 
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379 
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463 


532 


514 


559 


20 


10 


318 


371 


439 


489 


498 


529 


21 


11 


ii55 


53^ 


531 


618 


579 


648 


22 


12 


i»20 


522 


532 


584 


586 


682 



23 Comparative 25 ~ 

EXAMPLES 2^-3^ 
These Examples show the dry tensile strength of 
paper treated with the polymeric additives of Examples 3 to 12. > 
20 The testing procedure is the same as that used for 

the wet strength tensile testing except that the paper strips 
were conditioned under standard CTH conditions before being 
tested. 

The results are given in Table III below. The 
25 "comparative'- run shows the dry tensile strength of a similar 
untreated strip. 
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TABLE III 





DRY TENSILE 


STRENGTH 


DATA 






(22.3 kilos/metric ton Addition LpvpT) 




Example 


Additive from Dry 

ii/Aainuie 


Tensile 
gm/cro 


Strength* 


% of 
Control 


2H 


D 


2629 




127 


25 


U 


2786 




132 


26 


5 


2625 




TIC" 

125 


27 


6 


2572 




122 


28 


7 


2750 




131 


29 


8 


2786 




132 


30 


9 


2572 




122 


31 


10 


2661 




126 


32 


11 


26iJ3 




125 


33 


12 


2750 




131 




Comparative 


2107 




(100) 



15 

*Average of 8 pulls (Instron) 

The above results from Tables II and III indicate 
that the polymeric additives of the invention have excellent 
wet and dry strength properties. It is also significant that 
the cure that occurs is remarkably rapid as evidenced by the 
fact that the uncured wet strength is, on the average, over 
Q5% of the cured wet strength. 

From Table I it will be apparent that the process 
by which the additives are prepared is capable of giving 
25 very high yields both in the polymerization reaction and when 
the polymer is reacted with epichlorohydrin- The yield 
of the dichloropropanol by-product in particular is very 
significantly lower than that found with other commercial 
processes in which a polyaraine is reacted with epichloro- 
30 hydrin. Finally, it should be noted that the epichloro- 
hydrin conversions are remarkably high indicating very effi- 
cient reactant utilization, 

From Table II it is apparent that the polymeric 
additives of the invention have their greatest efficiency 
35 at low loadings and this, for many purposes, is a very 
desirable property. 

The above Examples are for the purposes of 
illustration only and are not intended to imply any limita- 
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tions on the scope of this invention. It is foreseen that 
many minor variations could be made in the invention des- 
cribed above without departing from the essential characteri- 
stics thereof. It is intended that all such variations shall 
be included within the purview of this invention. 
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WHAT IS CLAIMED IS: 

1. A polymeric wet strength additive wherein from 
5 to 100% of the recurring units have the formula 




Y is selected from -CH^-'CH-CH^ and -CH^-CH-CH^X^ X is a 

^ \/ ^ 2 , 2 

0 OH 
radical derived rrom water-soluble proton acid, R is a C-^^ to 

alkylene group, and R^ are each substituted or un- 
substituted to alkyl groups or, taken with the nitro- 
gen together represent a saturated heterocyclic group, and 
b is an integer from 1 to 3* 

2. A polymeric additive according to Claim 1 
wherein R is a methylene group and R^ and R^ are methyl 
groups . 

3. A polymeric additive according to Claim 1 
in which b is 1. 



4. A polymeric additive according to Claim 1 



in which X.^^ is chlorine. 
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5. A polymeric wet strength additive wherein from 
5 to 100? of the recurring units have the formula: 



CH^ - CH ^ 




wherein Y is -CHo-CH-CH^ or -CHp-CH-CHpX and X is an anion 
^ \ / ^ 

0 OH 

derived from a water-soluble proton acid. 



6. A process for Improving the wet strength of a 
fibrous cellulosic substrate which comprises treating the 
substrate with up to 75 kilos per metric ton of substrate of 

15 a polymeric wet strength additive according to Claim 1. 

7. A process for improving the wet strength of a 
fibrous cellulosic substrate which comprises treating the 
substrate with from 10 to 40 kilos per metric ton of sub- 
strate of a polymeric wet strength additive according to 

20 Claim 5- 
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